The use of electroimmunoassay for determining specific proteins as a supplement to agarose gel electrophoresis CARL-BERTIL LAURELL From the Department of Clinical Chemistry, University ofLund, Malmo General Hospital, Sweden Electrophoretic analysis is the standard method of screening for abnormalities of the plasma proteins. To be acceptable, supportive media should have negligible adsorption and little interaction with protein, such as agarose and cellulose acetate. For high quality patterns the plasma proteins should separate over more than 5 cm within one hour, without the temperature of the supporting medium rising above 300. The buffer should be slightly alkaline, and the addition of calcium (2 mmol/l) improves the resolution of the three major proteins in the fl-zone by slowing the f-lipoproteins and the third factor of complement (C3), each to a different extent, whereas the mobility of transferrin is unaffected.
There are two principal methods of interpreting the patterns obtained. One is to relate each major
Fig 1 Electrophoretic distribution of 13 majorplasma proteins (from Laurell, 1973). fraction to the total protein after scanning or eluting the strips and to describe the plasma protein composition in terms of the values found for albumin, 0x1, OC2-, P-, and y-globulins. Experience of the changes in the electrophoretic fractions in various diseases, gained over many years, is an additional requirement for interpretation of the laboratory data.
The other method aims at a more profound analysis, and includes, in addition to electrophoresis, the specific analysis of a limited number of individual proteins to determine the contribution of these proteins to the groups separated by electrophoresis. This detects changes in the homeostasis of individual proteins, which are of pathophysiological interest since the metabolic regulation varies from protein to protein. Thirteen major proteins constitute more than 95 % of the total plasma protein (fig 1) . An analysis of the contribution made by these proteins to the different electrophoretic zones has been published (Laurell, 1972) .
Comparison of the electrophoretic pattern with the results of analysis of the major proteins will also indicate whether other minor components, not normally recognizable in the electrophoretic pattern, are increased in a given disease.
It is evident that analysis of all 13 proteins will give more information than measurement of five or six heterogeneous electrophoretic fractions. However, it is by no means certain that the determination of the 13 most abundant proteins is of greater clinical value than that of some 20 other proteins which occur in plasma in such low concentration as not to contribute significantly to the electrophoretic pattern. Everyone who is responsible for the interpretation of electrophoretic patterns must learn to think in terms of specific proteins rather than electrophoretic fractions and to realize how variations in the concentration of different proteins influence the patterns.
It is debatable how many and which of the specific proteins should be examined to supplement the electrophoretic strip in a given patient. The The report form should contain the normal ranges of the most commonly analysed of the 13 proteins which constitute more than 95% of the total plasma proteins (fig 1) ; ca-and ,B-lipoproteins and transferrin need not be included because simple inspection of the gel pattern is sufficient to detect any gross abnormality. The C2-macroglobulin level has, as yet, little clinical significance in spite of its important biological functions. Haemopexin and orosomucoid stain less well than most proteins and are therefore not easily recognized in the patterns. Albumin is routinely analysed separately, usually with bromcresol green (BCG), but examination of the intensity of staining of the albumin zone will sometimes reveal probable discrepancies between the BCG values and the intensity of the electrophoretic band, especially in patients with hypoalbuminaemia. For the plasma protein that varies most closely with the erythrocyte sedimentation rate.
Haptoglobins and orosomucoid are also reliable indicators of an inflammatory response and give few, if any, false positive results. They usually increase in parallel and their synthesis appears to be controlled by a common regulator. However, considered individually, haptoglobin is less reliable than orosomucoid because its level may be normal or even low as a result of increased catabolism due to sepsis, or to decreased hepatosplenic or bone marrow blood flow; furthermore low levels occur in any disorder with concomitant intravascular haemolysis. Any discrepancy between the levels of orosomucoid and haptoglobin may thus be of diagnostic significance and, in our opinion, both should be estimated far more often. Their levels reflect not only the presence of inflammation but also its intensity, in acute as well as in chronic conditions. Usually, failure of the haptoglobin level to increase at the same rate as orosomucoid indicates a complication. A slight increase of orosomucoid alone may be due to slightly reduced glomerular filtration or mild intestinal inflammation.
Alphal-antitrypsin (oi-AT), which is also an acute phase reactant, is of special interest in liver disease.
An absolute or relative increase in oxi-AT occurs, for examnple, in hepatitis and cirrhosis and contrasts with the normal orosomucoid and haptoglobin levels in these conditions. However, such a change is only suggestive of liver disease if the patient is neither pregnant nor taking -oestrogens. In the latter cases caeruloplasmin also is raised.
As warning signs of an inflammatory process, acute phase reactants fail only on the first day, when C-reactive protein and antichymotrypsin are already increased.
With the few exceptions mentioned, orosomucoid seems to be the most reliable and the one best correlated with the extent and intensity of an inflammatory reaction. If the concentrations of these proteins fall within the normal range, it may usually be assumed that there is no inflammatory response. This is especially true in patients with more than one day's fever. However, in chronic rheumatoid arthritis small nodules and synovitis may be found without any clear-cut inflammatory response of the plasma proteins. Varying patterns of the acute phase reactants are given in figure 3 .
The importance of the concentrations of IgG, A, and M will be discussed by others, but it can be stated that IgG and IgA should be determined routinely and that their levels should be evaluated in conjunction with the acute phase reactants taking account of the length of the history.
The various components of complement must also be considered in the discussion of the inflammatory response. We have found that naked-eye inspection of the electrophoretic strip immediately indicates whether C3 is normal or not. Since C3 is a slowreacting acute phase protein, values may be either normal or increased in acute illness. During subacute or chronic inflammation C3 should be increased. If not, increased complement activation should be suspected. Measurement of C3 gives little information unless levels are low, as in diseases with an antigenantibody reaction in the circulation. C4 is another complement factor which normally increases during inflammation. Its variation is of limited clinical value and it need not be estimated routinely. It often disappears selectively in haemolytic anaemias and its measurement is therefore of value when investigating the cause of reduced haptoglobins.
Caeruloplasmin is another protein which we have measured routinely. Its estimation is of very limited diagnostic value but increased levels may suggest the administration of oestrogens or pregnancy. The combination of high oal-AT and caeruloplasmin helps to distinguish viral hepatitis from liver dysfunction induced by oestrogens.
The clinical chemist can indicate not only whether the electrophoretic strip and immunochemical results are consistent with the clinical diagnosis but can also interpret the protein changes in terms of basic pathophysiological processes.
